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(54) OPTICAL COHERENCE COMPUTATION APPARATUS AND ERROR CORRECTION METHOD
THEREOF

(57) Disclosed are an optical coherence computation
apparatus and an error correction method. The optical
coherence computation apparatus includes: a laser, a
first beam splitter, a second beam splitter, a third beam
splitter, a first modulator, a second modulator, a third
modulator, a first converter, a second converter, a first
coupler, a second coupler, an injector, a homodyne de-

tector and a computation control module. By using the
above-mentioned optical coherence computation appa-
ratus and the error correction method, the computation
speed and computation accuracy of the optical coher-
ence computation apparatus during the process of sol-
ving computation problems to be processed can be ef-
fectively improved.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of Interna-
tional Application No. PCT/CN2023/112863, filed on Au-
gust 14, 2023, which claims priority to Chinese Patent
Application No. 202210978516.8, filed on August 16,
2022. The disclosures of the above-mentioned applica-
tions are hereby incorporated by reference in their entire-
ties.

Technical Field

[0002] The present application relates to the technical
field of data computation technology, in particular to an
optical coherence computation apparatus and an error
correction method thereof.

Background of the Invention

[0003] In the field of data computation technology, it is
often necessary to use optical coherence computation
apparatus to calculate some complex computation pro-
blems. Among them, the coherent Ising machine is a
commonly used optical coherence computation appara-
tus.
[0004] The coherent Ising machine is a physical solver
based on degenerate optical parametric oscillation. It can
map the combinatorial optimization problem to the Ising
model, and then search for the optimal solution by
searching the ground state energy, which can effectively
solve the combinatorial optimization problems.
[0005] However, in the prior art, the coherent Ising
machine has the problem of amplitude heterogeneity
during the computation process, which can lead to map-
ping errors.

Summary of the Invention

[0006] In view of this, the present application provides
an optical coherence computation apparatus and an
error correction method thereof, thereby effectively im-
proving the computation speed and computation accu-
racy of the optical coherence computation apparatus
during the process of solving the computation problems
to be processed.
[0007] The technical solution of the present application
is specifically achieved as follows.
[0008] An optical coherence computation apparatus,
the optical coherence computation apparatus comprises:
a laser, a first beam splitter, a second beam splitter, a third
beam splitter, a first modulator, a second modulator, a
third modulator, a first converter, a second converter, a
first coupler, a second coupler, an injector, a homodyne
detector and a computation control module; wherein,

an output end of the laser is connected to an input

end of the first beam splitter;
an output end of the first beam splitter is respectively
connected to input ends of the first modulator and the
second modulator;
an output end of the first modulator is connected to
an input end of the first converter;
an output end of the first converter is connected to an
input end of the first coupler;
an output end of the first coupler is connected to an
input end of the second converter;
an output end of the second converter is connected
to an input end of the third beam splitter;
an output end of the third beam splitter is connected
to input ends of the homodyne detector and the
second coupler respectively;
an output end of the second modulator is connected
to an input end of the second beam splitter;
an output end of the second beam splitter is con-
nected to input ends of the homodyne detector and
the third modulator respectively;
an output end of the homodyne detector is con-
nected to an input end of the computation control
module;
an output end of the computation control module is
connected to input ends of the third modulator and
the injector respectively;
an output end of the third modulator is connected to
an input end of the second coupler;
an output end of the second coupler is connected to
an input end of the injector;
an output end of the injector is connected to an input
end of the first coupler; and
the first coupler, the second converter, the third beam
splitter, the second coupler and the injector are con-
nected in sequence through optical fibers to form a
ring resonator.

[0009] Optionally, the laser is used to output a pulse
laser with a first wavelength;

the first beam splitter is used to divide the pulse laser
output by the laser into two pulse lasers, which are
output to the first modulator and the second mod-
ulator respectively;
the first modulator is used to periodically output a first
timing sequence pulse group to the first converter
according to the received pulse laser; wherein each
first timing sequence pulse group comprises n pulse
lasers, and n is an integer greater than 1;
the first converter is used to convert the received
pulse laser with a first wavelength into a pulse laser
with a second wavelength, and input the pulse laser
to the second converter in the ring resonator through
the first coupler;
the second converter is used to convert the received
pulse laser with a second wavelength into a pulse
laser with a first wavelength, and transmit the pulse
laser to the third beam splitter;
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the third beam splitter is used to divide each received
pulse laser into two pulse lasers; wherein one pulse
laser is output to the second coupler; and the other
pulse laser is output to the homodyne detector;
the second modulator is used to periodically output a
second timing sequence pulse group to the second
beam splitter according to the received pulse laser;
wherein each second timing sequence pulse group
comprises n pulse lasers; there is a preset first time
interval between the time when the second modu-
lator outputs the second timing sequence pulse
group and the time when the first modulator outputs
the first timing sequence pulse group;
the second beam splitter is used to divide each
received pulse laser into two pulse lasers; wherein
one pulse laser is output to the third modulator and
the other pulse laser is output to the homodyne
detector;
the homodyne detector is used to perform balanced
homodyne detection according to the two received
pulse lasers, and send an electrical signal to the
computation control module according to the mea-
surement result;
the computation control module is used to calculate
the current pulse spin sign and the current Ising
energy according to the received electrical signal
and the preset constraint matrix, and send the cor-
responding modulation instruction to the third mod-
ulator according to the preset dissipation intensity
and coupling intensity, and send the corresponding
injection instruction to the injector;
the third modulator is used to modulate the intensity
and/or phase of the pulse laser passing through
according to the modulation instruction, and output
the modulated pulse laser to the second coupler, so
as to be input into the ring resonator through the
second coupler;
the second coupler is used to output the received
pulse laser to the injector; and
the injector is used to perform mutual injection op-
eration on the received first timing sequence pulse
group and second timing sequence pulse group
according to the injection instruction, and output
the first timing sequence pulse group and the second
timing sequence pulse group after completing the
mutual injection operation to the second converter
through the first coupler; wherein, there is a preset
first time interval between the time when the injector
outputs the second timing sequence pulse group and
the time when the injector outputs the first timing
sequence pulse group.

[0010] Optionally, the optical coherence computation
apparatus further comprises: a timer; wherein,

the timer is used to send a stop instruction to the
computation control module when the running time
of the optical coherence computation apparatus is

equal to or exceeds a preset time threshold; and
the computation control module is used to output the
current optimal computation result as the final com-
putation result according to the stop instruction.

[0011] Optionally, the injector comprises: a delay mod-
ule, an injection module and a beam combining module;

the delay module is used to delay the received pulse
laser according to the preset delay strategy, so that
the first pulse in the first timing sequence pulse group
and the first pulse in the second timing sequence
pulse group are simultaneously transmitted to the
two input ends of the injection module;
the injection module is used to perform mutual in-
jection operation on the corresponding pulse lasers
in the first timing sequence pulse group and the
second timing sequence pulse group according to
the injection instruction; and
the beam combining module is used to delay the
received pulse lasers according to the preset delay
strategy, and output the received pulse lasers to the
first coupler in sequence according to the preset first
time interval and sending order, forming the first
timing sequence pulse group and the second timing
sequence pulse group after completing injection,
and the two timing sequence pulse groups are still
separated by the preset first time interval.

[0012] Optionally, the third modulator comprises: an
intensity modulator and a phase modulator;

the intensity modulator is used to modulate the in-
tensity of the corresponding pulse laser according to
the modulation instruction; and
the phase modulator is used to modulate the phase
of the corresponding pulse laser according to the
modulation instruction.

[0013] Optionally, the first converter is a second har-
monic generator.
[0014] Optionally, the first converter and the second
converter are both periodically poled lithium niobate
crystals.
[0015] Optionally, the computation control module is a
field programmable gate array.
[0016] The present application also proposes an error
correction method for an optical coherence computation
apparatus, the method comprising:

Step A, setting an optical coherence computation
apparatus as described above;
Step B, presetting a constraint matrix in the compu-
tation control module of the optical coherence com-
putation apparatus according to the computation
problem to be processed;
Step C, starting the optical coherence computation
apparatus so that the laser in the optical coherence
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computation apparatus periodically outputs pulse
laser with the first wavelength to the first beam
splitter;
Step D, the first beam splitter dividing each received
pulse laser into two pulse lasers, which are output to
the first modulator and the second modulator respec-
tively;
Step E, the first modulator and the second modulator
periodically outputting a first timing sequence pulse
group and a second timing sequence pulse group
each having n pulse lasers, respectively, according
to the received pulse laser, with a preset first time
interval between the first timing sequence pulse
group and the second timing sequence pulse group;
wherein n is an integer greater than 1;
Step F, the first timing sequence pulse group output
by the first modulator being converted into wave-
length by the first converter, and then being inputted
into the ring resonator through the first coupler, and
then being converted into wavelength by the second
converter, and then being transmitted to the third
beam splitter;
Step G, the third beam splitter dividing each received
pulse laser into two pulse lasers, one of which is
output to the homodyne detector, and the other pulse
laser continuing to be output to the second coupler
through the ring resonator, and continuing to be
output to the injector through the ring resonator;
Step H, the second timing sequence pulse group
output by the second modulator being transmitted to
the second beam splitter; the second beam splitter
dividing each received pulse laser into two pulse
lasers, which are transmitted to the third modulator
and the homodyne detector respectively;
Step I, the homodyne detector performing balanced
homodyne detection according to the two received
pulse lasers, and sending an electrical signal to the
computation control module according to the mea-
surement result;
Step J, the computation control module calculating
the current pulse spin sign and the current Ising
energy according to the received electrical signal
and the preset constraint matrix, taking the current
Ising energy as the optimal energy value, and taking
the current pulse spin sign and the current Ising
energy as the current optimal computation result;
and sending the corresponding modulation instruc-
tion to the third modulator and the corresponding
injection instruction to the injector according to the
preset dissipation intensity and the initial value of the
coupling intensity;
Step K, the third modulator modulating the intensity
and/or phase of the pulse laser passing through
according to the modulation instruction, and output-
ting the modulated pulse laser to the second coupler,
inputting the pulse laser into the ring resonator
through the second coupler, and outputting the pulse
laser to the injector through the ring resonator;

Step L, the injector performing mutual injection op-
eration on the received first timing sequence pulse
group and second timing sequence pulse group
according to the injection instruction and outputting
the first timing sequence pulse group and the second
timing sequence pulse group; after completing the
mutual injection operation, the first timing sequence
pulse group and the second timing sequence pulse
group being transmitted to the third beam splitter in
the ring resonator through the first coupler and the
second converter in turn;
Step M, the third beam splitter dividing each received
timing sequence pulse into two pulse lasers, one of
which continuing to be transmitted in the ring reso-
nator, and the other pulse laser being output to the
homodyne detector;
Step N, the homodyne detector performing balanced
homodyne detection according to the two pulse la-
sers received from the two input ends, and sending
an electrical signal to the computation control mod-
ule according to the measurement results;
Step O, the computation control module calculating
the current pulse spin sign and the current Ising
energy according to the received electrical signal
and the preset constraint matrix;
Step P, determining whether the current Ising energy
Ei is less than the current optimal energy value; if so,
executing step Q; otherwise, executing step R;
Step Q, the computation control module taking the
current Ising energy as the optimal energy value, and
taking the current pulse spin sign and the current
Ising energy as the current optimal computation
result; updating the values of the dissipation intensity
and the coupling intensity according to the preset
adjustment value, and sending the corresponding
modulation instruction to the third modulator and the
corresponding injection instruction to the injector
according to the updated the values of dissipation
intensity and coupling intensity; returns to execute
step K; and
Step R, the computation control module resetting the
values of dissipation intensity and coupling intensity,
and sending the corresponding modulation instruc-
tion to the third modulator and the corresponding
injection instruction to the injector according to the
reset values of dissipation intensity and coupling
intensity; returning to execute step K.

[0017] Optionally, before returning to execute step K,
the method further comprises:

determining whether the running time of the optical
coherence computation apparatus is less than a
preset time threshold; and
if yes, returning to execute step K; otherwise, the
computation control module outputting the current
optimal computation result as the final computation
result.
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[0018] Optionally, the updating of the values of the
dissipation strength and the coupling strength according
to the preset adjustment value comprises:
adding the current values of the dissipation intensity and
the coupling intensity by the preset adjustment value
respectively as the updated values of the dissipation
intensity and the coupling intensity.
[0019] Optionally, resetting the values of dissipation
intensity and coupling intensity comprises:

randomly selecting a value from a preset first value
range as the current value of dissipation intensity;
and
taking the initial value of coupling intensity as the
current value of coupling intensity.

[0020] As can be seen from the above, in the optical
coherence computation apparatus and an error correc-
tion method thereof in the present application, a preset
number of auxiliary error correction pulses without non-
linear gain are introduced into a laser pulse network
based on a degenerate optical parametric oscillator
and having a preset number of mutually coupled pulses,
so that they can be coupled with a nonlinear gain pulse to
form a pulse neuron, and the error correction of the
computation process of the optical coherence computa-
tion apparatus is realized through the dynamic charac-
teristics of the pulse neuron. By comparing the current
Ising energy with the optimal value of the current energy,
and performing subsequent operations according to the
comparison result, the search for the optimal solution can
be realized by searching the ground state energy; and
even when the computation process falls into a fixed point
of the local optimal value, the local optimal value can be
destabilized by changing the parameter conditions, so
that a better global optimal solution can be obtained,
thereby effectively solving the problem of amplitude het-
erogeneity in the coherent Ising machine in the prior art
that cannot be correctly mapped, improving the compu-
tation performance of the optical coherence computation
apparatus, and significantly improving the computation
speed and computation accuracy of the optical coher-
ence computation apparatus during the process of sol-
ving the computation problems to be processed.

Brief Description of the Drawings

[0021]

FIG. 1 is a schematic structural diagram of an optical
coherence computation apparatus in a specific em-
bodiment of the present application.
FIG. 2 is a schematic structural diagram of an injector
in a specific embodiment of the present application.
FIG. 3 is a flow chart of an error correction method for
an optical coherence computation apparatus in a
specific embodiment of the present application.

Detailed Description of Embodiments

[0022] In order to make the technical solution and
advantages of the present application more clearly and
understandable, the present application is further de-
scribed in detail below in combination with the accom-
panying drawings and specific embodiments.
[0023] The present application proposes an optical
coherence computation apparatus and an error correc-
tion method thereof.
[0024] FIG. 1 is a schematic structural diagram of an
optical coherence computation apparatus in a specific
embodiment of the present application. As shown in FIG.
1, in this specific embodiment, the optical coherence
computation apparatus specifically comprises: a laser
101, a first beam splitter 102, a second beam splitter
103, a third beam splitter 104, a first modulator 105, a
second modulator 106, a third modulator 107, a first
converter 108, a second converter 109, a first coupler
110, a second coupler 111, an injector 112, a homodyne
detector 113 and a computation control module 114;
wherein,

an output end of the laser 101 is connected to an
input end of the first beam splitter 102;
an output end of the first beam splitter 102 is respec-
tively connected to input ends of the first modulator
105 and the second modulator 106;
an output end of the first modulator 105 is connected
to an input end of the first converter 108;
an output end of the first converter 108 is connected
to an input end of the first coupler 110;
an output end of the first coupler 110 is connected to
an input end of the second converter 109;
an output end of the second converter 109 is con-
nected to an input end of the third beam splitter 104;
an output end of the third beam splitter 104 is con-
nected to input ends of the homodyne detector 113
and the second coupler 111 respectively;
an output end of the second modulator 106 is con-
nected to an input end of the second beam splitter
103;
an output end of the second beam splitter 103 is
connected to input ends of the homodyne detector
113 and the third modulator 107 respectively;
an output end of the homodyne detector 113 is con-
nected to an input end of the computation control
module 114;
an output end of the computation control module 114
is connected to input ends of the third modulator 107
and the injector 112 respectively;
an output end of the third modulator 107 is connected
to an input end of the second coupler 111;
an output end of the second coupler 111 is connected
to an input end of the injector 112;
an output end of the injector 112 is connected to an
input end of the first coupler 110; and
the first coupler 110, the second converter 109, the
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third beam splitter 104, the second coupler 111 and
the injector 112 are connected in sequence through
optical fibers to form a ring resonator 115.

[0025] In addition, in the technical solution of the pre-
sent application, the above-mentioned optical coherence
computation apparatus can be implemented through a
variety of specific implementation methods. The follow-
ing will take several specific implementation methods as
examples to introduce the technical solution of the pre-
sent application in detail.
[0026] For example, in a specific embodiment of the
present application:

the laser 101 is used to output a pulse laser with a first
wavelength;
the first beam splitter 102 is used to divide the pulse
laser output by the laser 101 into two pulse lasers,
which are output to the first modulator 105 and the
second modulator 106 respectively;
the first modulator 105 is used to periodically output a
first timing sequence pulse group to the first con-
verter 108 according to the received pulse laser;
wherein each first timing sequence pulse group
comprises n pulse lasers, and n is an integer greater
than 1;
the first converter 108 is used to convert the received
pulse laser with a first wavelength into a pulse laser
with a second wavelength, and input the pulse laser
to the second converter in the ring resonator 115
through the first coupler 110;
the second converter 109 is used to convert the
received pulse laser with the second wavelength into
a pulse laser with a first wavelength, and transmit the
pulse laser to the third beam splitter 104;
the third beam splitter 104 is used to divide each
received pulse laser into two pulse lasers; wherein
one pulse laser is output to the second coupler 111;
and the other pulse laser is output to the homodyne
detector 113;
the second modulator 106 is used to periodically
output a second timing sequence pulse group to
the second beam splitter 103 according to the re-
ceived pulse laser; wherein each second timing se-
quence pulse group comprises n pulse lasers; there
is a preset first time interval between the time when
the second modulator 106 outputs the second timing
sequence pulse group and the time when the first
modulator 105 outputs the first timing sequence
pulse group;
the second beam splitter 103 is used to divide each
received pulse laser into two pulse lasers; wherein
one pulse laser is output to the third modulator 107,
and the other pulse laser is output to the homodyne
detector 113;
the homodyne detector 113 is used to perform ba-
lanced homodyne detection according to the two
received pulse lasers, and send an electrical signal

to the computation control module 114 according to
the measurement result;
the computation control module 114 is used to cal-
culate the current pulse spin sign Bi and the current
Ising energy Ei according to the received electrical
signal and the preset constraint matrix, and send the
corresponding modulation instruction to the third
modulator 107 according to the set dissipation in-
tensity β and coupling intensity ε, and send the
corresponding injection instruction to the injector
112;
the third modulator 107 is used to modulate the
intensity and/or phase of the pulse laser passing
through according to the modulation instruction,
and output the modulated pulse laser to the second
coupler 111, so as to be input into the ring resonator
115 through the second coupler 111;
the second coupler 111 is used to output the received
pulse laser to the injector 112; and
the injector 112 is used to perform mutual injection
operation on the received first timing sequence pulse
group and second timing sequence pulse group
according to the injection instruction, and output
the first timing sequence pulse group and the second
timing sequence pulse group after completing the
mutual injection operation to the second converter
109 through the first coupler 110; wherein, there is a
preset first time interval between the time when the
injector 112 outputs the second timing sequence
pulse group and the time when the injector 112 out-
puts the first timing sequence pulse group.

[0027] For another example, in a specific embodiment
of the present application, the laser 101 can periodically
and continuously output timing sequence pulse of equal
intensity, that is, a pulse laser (which can be called a
timing sequence pulse) with a preset first wavelength (for
example, 1560 nanometers) is output every period of
time (for example, a preset time length), and the intensity
of each pulse laser is equal (for example, with a preset
frequency and a preset power). For example, the above-
mentioned laser 101 can output a pulse laser with equal
intensity and a wavelength of 1560 nanometers every
output cycle (for example, 1 millisecond).
[0028] The pulse laser output by the laser 101 can be
transmitted to the above-mentioned first beam splitter
102. The first beam splitter 102 can divide each received
pulse laser into two pulse lasers according to a preset
ratio, and output them to the first modulator 105 and the
second modulator 106 respectively.
[0029] In addition, as an example, in a specific embo-
diment of the present application, the first modulator and
the second modulator can both be intensity modulators
(IM), which can modulate the intensity of each received
pulse laser. For example, the intensity of some pulse
lasers that are needed (or allowed to pass) may not be
changed, while the intensity of some pulse lasers that are
not needed (or not allowed to pass) may be modulated to
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0.
[0030] Therefore, the first modulator and the second
modulator can output n timing sequence pulses at regular
intervals (for example, a preset output period) according
to the received pulse laser, and the n timing sequence
pulses are called a timing sequence pulse group, so that
the timing sequence pulse group can be output periodi-
cally; and the time for the two modulators to output the
timing sequence pulse group can be controlled so that
there is a preset first time interval between the two timing
sequence pulse groups output by the two modulators.
[0031] For example, assuming that the output cycles of
the first modulator and the second modulator are both
100 milliseconds, the first modulator and the second
modulator can both output a timing sequence pulse
group every 100 milliseconds, each timing sequence
pulse group includes 5 pulse lasers (which can be called
timing sequence pulses), and the time interval between
each pulse laser is 1 millisecond.
[0032] Assuming that the time starting point of a certain
output cycle of the first modulator is t0, the first modulator
can output a timing sequence pulse every 1 millisecond
starting from t0 (that is, the first modulator at this time
does not change the intensity of the received pulse laser),
and output a total of 5 timing sequence pulses to form a
first timing sequence pulse group (x1, x2, ... x5); and
during the period from (t0+5) to (t0+100) milliseconds,
no timing sequence pulses are output (that is, during this
period, the first modulator modulates the intensity of the
received pulse laser to 0).
[0033] The second modulator can output a timing se-
quence pulse every 1 millisecond starting from (t0+10)
milliseconds, and output a total of 5 timing sequence
pulses to form a second timing sequence pulse group
(k1, k2, ... k5); and no timing sequence pulses are output
during the period from (t0+15) to (t0+100) milliseconds.
[0034] Therefore, through the above-mentioned first
modulator and the second modulator, the output time
of the two timing sequence pulse groups can be stag-
gered, so that the first timing sequence pulse group and
the second timing sequence pulse group can be trans-
mitted in the ring resonator at a preset first time interval
(for example, 5 milliseconds) in subsequent operations.
[0035] The first modulator 105 outputs the first timing
sequence pulse group to the first converter 108, and the
first converter 108 converts each pulse laser with a first
wavelength (e.g., 1560 nanometers) in the first timing
sequence pulse group into a pulse laser with a second
wavelength (e.g., 780 nanometers), and then inputs it
into the ring resonator 115 through the first coupler 110,
and transmits it to the second converter 109 in the ring
resonator 115.
[0036] The second converter 109 converts the re-
ceived pulse laser with a second wavelength (e.g., 780
nanometers) into a pulse laser with a first wavelength
(e.g., 1560 nanometers), and transmits it to the third
beam splitter 104 in the ring resonator 115.
[0037] The third beam splitter 104 divides each re-

ceived pulse laser into two pulse lasers according to a
preset ratio; one pulse laser is output to the homodyne
detector 113; and the other pulse laser continues to be
output to the second coupler 111 through the ring reso-
nator 115, forming the first timing sequence pulse group
(x1, x2, ... xn) as shown in FIG. 1, and continues to be
output to the injector 112 through the ring resonator 115.
[0038] In addition, the second modulator 106 outputs
the generated second timing sequence pulse group to
the second beam splitter 103.
[0039] The second beam splitter 103 divides each
received pulse laser into two pulse lasers according to
a preset ratio; one pulse laser is output to the third
modulator 107, and the other pulse laser is output to
the homodyne detector 113.
[0040] After receiving two pulse lasers from two input
ends, the homodyne detector 113 can perform balanced
homodyne detection according to the two received pulse
lasers, and send an electrical signal to the computation
control module 114 according to the measurement re-
sults.
[0041] After receiving the electrical signal, the compu-
tation control module 114 can calculate the current pulse
spin sign Bi (i.e., the i-th pulse spin sign) and the current
Ising energy Ei (i.e., the i-th Ising energy) according to the
received electrical signal and the preset constraint ma-
trix, and send the corresponding modulation instruction
to the third modulator 107 according to the preset dis-
sipation intensity β and coupling intensity ε, and send the
corresponding injection instruction to the injector 112.
[0042] The third modulator 107 modulates the intensity
and/or phase of the pulse laser passing through accord-
ing to the modulation instruction, and outputs the modu-
lated pulse laser to the second coupler 111, which is input
into the ring resonator 115 through the second coupler
111 to form the second timing sequence pulse group (k1,
k2, ... kn) as shown in FIG. 1, and continues to be output to
the injector 112 through the ring resonator 115.
[0043] Since there is a preset first time interval (for
example, 5 milliseconds) between the time when the
second modulator 106 outputs the second timing se-
quence pulse group and the time when the first modulator
105 outputs the first timing sequence pulse group, the
first timing sequence pulse group (x1, x2, ... xn) trans-
mitted in the ring resonator 115 arrives at the injector 112
earlier than the second timing sequence pulse group (k1,
k2, ... kn), and the two timing sequence pulse groups have
the above-mentioned preset first time interval between
them.
[0044] After receiving the first timing sequence pulse
group and the second timing sequence pulse group, the
injector 112 can perform a mutual injection operation on
the received first timing sequence pulse group and the
second timing sequence pulse group according to the
injection instruction, and output the first timing sequence
pulse group and the second timing sequence pulse group
after completing the mutual injection operation to the
second converter 109 through the first coupler 110. There
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is still a preset first time interval between the time when
the injector 112 outputs the second timing sequence
pulse group and the time when the first timing sequence
pulse group is output.
[0045] The two timing sequence pulse groups after
injection continue to be transmitted in the ring resonator
115, and are transmitted to the third beam splitter 104
again through the first coupler 110 and the second con-
verter 109.
[0046] The third beam splitter 104 divides each re-
ceived timing sequence pulse into two pulse lasers ac-
cording to a preset ratio, one pulse laser continues to be
transmitted in the ring resonator 115, and the other pulse
laser is output to the homodyne detector 113.
[0047] The homodyne detector 113 performs balanced
homodyne detection according to the two pulse lasers
received from the two input ends, and sends an electrical
signal to the computation control module 114 according
to the measurement results.
[0048] In addition, as an example, in a specific embo-
diment of the present application, after receiving the
electrical signal, the computation control module 114
can calculate the current pulse spin sign Bi and the
current Ising energy Ei according to the received elec-
trical signal and the preset constraint matrix, and deter-
mine the magnitude of the current Ising energy Ei and the
current optimal energy value E0.
[0049] If the current Ei is less than the current optimal
energy value E0, the computation control module can
use the current Ei as the optimal energy value E0, and the
current pulse spin sign Bi and the current Ising energy Ei
as the current optimal computation result, and update the
values of the dissipation intensity β and the coupling
intensity ε according to the preset adjustment value
(for example, when the preset adjustment value is 0.1,
βi+1=βi+0.1, εi+1=εi+0.1, where βi and εi are the current
values of the i-th dissipation intensity and coupling in-
tensity, βi+1 and εi+1 are the updated values of the i+1-th
dissipation intensity β and coupling intensity ε, respec-
tively), and send the corresponding modulation instruc-
tion to the third modulator and the corresponding injec-
tion instruction to the injector according to the updated
values of the dissipation intensity βand coupling intensity
ε.
[0050] If the current Ei is greater than or equal to the
current optimal energy value E0, the computation control
module can reset the values of the dissipation intensity β
and the coupling intensity ε (for example, randomly select
a value from the preset first value range as the current
value of the dissipation intensity β, and use the initial
value ε0 of the coupling intensity ε as the current value of
the coupling intensity ε), and send a corresponding mod-
ulation instruction to the third modulator and a corre-
sponding injection instruction to the injector according
to the reset values of the dissipation intensity β and the
coupling intensity ε.
[0051] The third modulator 107 modulates the intensity
and/or phase of the pulse laser passing through accord-

ing to the modulation instruction, and outputs the modu-
lated pulse laser to the second coupler 111, so as to be
input into the ring resonator 115 through the second
coupler 111, and continue to be output to the injector
112 through the ring resonator 115.
[0052] The injector 112 can perform a mutual injection
operation on the received first timing sequence pulse
group and the second timing sequence pulse group
according to the injection instruction, and output the first
timing sequence pulse group and the second timing
sequence pulse group after completing the mutual injec-
tion operation to the second converter 109 through the
first coupler 110. There is still a preset first time interval
between the time when the injector 112 outputs the
second timing sequence pulse group and the time when
the injector 112 outputs the first timing sequence pulse
group.
[0053] After the injection, the two sequential pulse
groups continue to be transmitted in the ring resonator
115, and the next cycle is continued, which will not be
described here.
[0054] By performing the above operations in the
above optical coherence computation apparatus, the
computational problem to be processed (for example,
combinatorial optimization problem, Ising problem, etc.)
can be mapped to the corresponding Ising model during
the computation process, and the optimal solution can be
found by searching the ground state energy, effectively
solving the computational problem to be processed, and
solving the problem of amplitude heterogeneity in the
coherent Ising machine in the prior art causing mapping
errors.
[0055] Since the above-mentioned structure is used in
the optical coherence computation apparatus of the pre-
sent application, a preset number of auxiliary error cor-
rection pulses that do not undergo nonlinear gain are
introduced into a network of laser pulses based on a
degenerate optical parametric oscillator and having a
preset number of mutually coupled laser pulses, i.e.,
the pulse lasers (k1, k2, ... kn) in the second timing
sequence pulse group, so that they can be coupled with
nonlinear gain pulses, i.e., the pulse lasers (x1, x2, ... xn) in
the first timing sequence pulse group to form pulse neu-
rons, and error correction of the computation process of
the optical coherence computation apparatus is
achieved through the dynamic characteristics of the
pulse neurons. By judging the magnitude of the current
Ising energy Ei and the current energy optimum value E0,
and performing subsequent operations according to the
judgment result, the optimal solution (i.e., the energy
optimum value E0) can be found by searching the ground
state energy; and even when the computation process
falls into a fixed point of the local optimal value, the local
optimal value can be made unstable by changing the
parameter conditions (for example, updating or resetting
the values of the dissipation intensity β and the coupling
intensity ε), so as to obtain a better global optimal solution
(i.e., the optimal computation result), thereby effectively
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improving the computation performance of the optical
coherence computation apparatus, and improving the
computation speed and accuracy of the optical coher-
ence computation apparatus during the process of sol-
ving the computation problems to be processed.
[0056] In addition, as an example, in a specific embo-
diment of the present application, the optical coherence
computation apparatus may further comprise: a timer
(not shown in FIG. 1); wherein,

the timer is used to send a stop instruction to the
computation control module when a running time of
the optical coherence computation apparatus is
equal to or exceeds a preset time threshold; and
the computation control module is used to output the
current optimal computation result (i.e., the pulse
spin sign Bi and Ising energy Ei corresponding to
the current optimal energy value E0) as a final com-
putation result according to the stop instruction.

[0057] In addition, as an example, in a specific embo-
diment of the present application, the timer can be set
separately and connected to the computation control
module; or it can be directly integrated or set in the
computation control module.
[0058] Therefore, through the above-mentioned timer,
the optical coherence computation apparatus can auto-
matically output the final computation result after running
for a preset time without manual intervention.
[0059] In addition, after outputting the above-men-
tioned final computation result, the whole process can
be ended and the above-mentioned optical coherent
computation apparatus can be turned off.
[0060] In addition, as an example, as shown in FIG.2, in
a specific embodiment of the present application, the
injector 112 may comprise: a delay module 201, an
injection module 202 and a beam combining module 203.
[0061] The delay module 201 is used to delay the
received pulse lasers respectively according to the pre-
set delay strategy, so that the first pulse in the first timing
sequence pulse group (x1, x2, ... xn) and the first pulse in
the second timing sequence pulse group (k1, k2, ... kn) are
simultaneously transmitted to the two input ends of the
injection module 202.
[0062] The injection module 202 is used to perform
mutual injection operation on the corresponding pulse
lasers in the first timing sequence pulse group and the
second timing sequence pulse group according to the
injection instruction. For example, a part of x1 (a preset
ratio of pulses, for example, 10%) can be injected into k1,
and a part of k1 (a preset ratio of pulses, for example,
10%) can be injected into x1, ..., and so on. Among them,
the injection instruction can be used to control the ratio of
the two pulses injected into each other. Through the
above mutual injection, each pulse neuron xiki can be
formed.
[0063] The beam combining module 203 is used to
delay the received pulse lasers respectively according

to the preset delay strategy, and output the received
pulse lasers to the first coupler in sequence according
to the preset first time interval and sending order, forming
the first timing sequence pulse group and the second
timing sequence pulse group after completing injection,
and the two timing sequence pulse groups are still se-
parated by the preset first time interval. For example, the
second timing sequence pulse group after completing
injection is still transmitted after the first timing sequence
pulse group.
[0064] In addition, as an example, in a specific embo-
diment of the present application, the third modulator 107
may comprise: an intensity modulator (IM) and a phase
modulator (PM);

the intensity modulator is used to modulate the in-
tensity of the corresponding pulse laser according to
the modulation instruction; and
the phase modulator is used to modulate the phase
of the corresponding pulse laser according to the
modulation instruction.

[0065] In addition, as an example, in a specific embo-
diment of the present application, the first converter may
be a Second Harmonic Generation (SHG).
[0066] In addition, as an example, in a specific embo-
diment of the present application, the first converter and
the second converter may be Periodically Poled Lithium
Niobate (PPLN) crystals or other suitable converters.
[0067] In addition, as an example, in a specific embo-
diment of the present application, the computation con-
trol module may adopt a Field-Programmable Gate Array
(FPGA), so that the corresponding computation and
control may be performed in a programming manner.
[0068] In addition, as an example, in a specific embo-
diment of the present application, the first wavelength
may be 1560 nanometers, and the second wavelength
may be 780 nanometers.
[0069] In addition, in the technical solution of the pre-
sent application, based on the above-mentioned optical
coherence computation apparatus, the present applica-
tion also proposes an error correction method for the
optical coherence computation apparatus.
[0070] FIG. 3 is a flow chart of an error correction
method for an optical coherence computation apparatus
in a specific embodiment of the present application. As
shown in FIG. 3, in this specific embodiment, the error
correction method for the optical coherence computation
apparatus comprises the following steps.
[0071] Step 301, setting the optical coherence compu-
tation apparatus.
[0072] In the technical solution of the present applica-
tion, an optical coherence computation apparatus as
shown in FIG. 1 can be preset according to the computa-
tion problem to be processed (for example, combinatorial
optimization problem, Ising problem, etc.).
[0073] Step 302, presetting a constraint matrix in the
computation control module of the optical coherence
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computation apparatus according to the computation
problem to be processed.
[0074] In the technical solution of the present applica-
tion, a corresponding constraint matrix can be preset in
the computation control module of the optical coherence
computation apparatus according to the computation
problem to be processed (for example, combinatorial
optimization problem, Ising problem, etc.).
[0075] For example, in a specific embodiment of the
present application, the corresponding pulse neurons
can be set according to each node in the computation
problem to be processed, and the corresponding value
can be set for each matrix element in the constraint matrix
according to the interaction strength and/or connection
relationship between each pulse neuron.
[0076] For example, in a specific embodiment of the
present application, when there is interaction between
the i-th pulse neuron and the j-th pulse neuron, the value
of the corresponding matrix element Jij in the constraint
matrix can be set to the interaction strength between the i-
th pulse neuron and the j-th pulse neuron; and so on.
[0077] Of course, in the technical solution of the pre-
sent application, other methods can also be used to set
other values for each matrix element in the constraint
matrix according to the needs of the actual application
scenario, and the specific setting methods will not be
described here one by one.
[0078] Step 303, starting the optical coherence com-
putation apparatus so that the laser in the optical coher-
ence computation apparatus periodically outputs pulse
laser with the first wavelength to the first beam splitter.
[0079] Step 304, the first beam splitter dividing each
received pulse laser into two pulse lasers, which are
output to the first modulator and the second modulator
respectively.
[0080] In this step, when the pulse laser output by the
laser is received, the first beam splitter can divide each
received pulse laser into two pulse lasers according to a
preset ratio, and output them to the first modulator and
the second modulator respectively.
[0081] In addition, in the technical solution of the pre-
sent application, the value of the above ratio can be
preset according to the needs of the actual application
scenario. For example, in a specific embodiment of the
present application, the preset ratio can be: 1:1, that is, it
is evenly divided into two pulse lasers. Of course, the
preset ratio can also be other suitable values, which are
not listed here one by one.
[0082] Step 305, the first modulator and the second
modulator periodically output the first timing sequence
pulse group and the second timing sequence pulse group
each having n pulse lasers, respectively, according to the
received pulse laser, with a preset first time interval
between the first timing sequence pulse group and the
second timing sequence pulse group.
[0083] In addition, in the technical solution of the pre-
sent application, the value of n can be preset according to
the needs of the actual application scenario. For exam-

ple, in a specific embodiment of the present application,
the value of n can be 3, 4, 5, 10 or 15, or other suitable
values, which are not listed here one by one.
[0084] Step 306, the first timing sequence pulse group
output by the first modulator being converted into wave-
length by the first converter, and then being inputted into
the ring resonator through the first coupler, and then
being converted into wavelength by the second conver-
ter, and then being transmitted to the third beam splitter.
[0085] Step 307, the third beam splitter dividing each
received pulse laser into two pulse lasers, one of which is
output to the homodyne detector, and the other pulse
laser continuing to be output to the second coupler
through the ring resonator, and continuing to be output
to the injector through the ring resonator.
[0086] In the technical solution of the present applica-
tion, the third beam splitter can divide each received
pulse laser into two pulse lasers according to a preset
ratio, and output them to the homodyne detector and the
injector respectively.
[0087] In addition, in the technical solution of the pre-
sent application, the value of the above ratio can be
preset according to the needs of the actual application
scenario. For example, in a specific embodiment of the
present application, the preset ratio can be: 1:9, that is,
10% of the pulse laser is output to the homodyne detector
for measurement, and 90% of the pulse lasercontinues to
be output to the injector through the ring resonator. Of
course, the preset ratio can also be other suitable values,
which are not listed here one by one.
[0088] Step 308, the second timing sequence pulse
group output by the second modulator being transmitted
to the second beam splitter; the second beam splitter
dividing each received pulse laser into two pulse lasers,
which are transmitted to the third modulator and the
homodyne detector respectively.
[0089] In the technical solution of the present applica-
tion, after receiving the pulse laser, the second beam
splitter divides each received pulse laser into two pulse
lasers according to a preset ratio; one of which is output to
the third modulator, and the other pulse laser is output to
the homodyne detector.
[0090] In addition, in the technical solution of the pre-
sent application, the values of the above ratios can be
preset according to the needs of actual application sce-
narios. For example, in a specific embodiment of the
present application, the preset ratio may be 1:1, that is,
it is evenly divided into two pulse lasers. Of course, the
preset ratio can also be other suitable values, which are
not listed here one by one.
[0091] Step 309, the homodyne detector performing
balanced homodyne detection according to the two re-
ceived pulse lasers, and sending an electrical signal to
the computation control module according to the mea-
surement result.
[0092] Step 310, the computation control module cal-
culating the current pulse spin sign and the current Ising
energy according to the received electrical signal and the
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preset constraint matrix, taking the current Ising energy
as the optimal energy value, and taking the current pulse
spin sign and the current Ising energy as the current
optimal computation result; and sending the correspond-
ing modulation instruction to the third modulator and the
corresponding injection instruction to the injector accord-
ing to the preset dissipation intensity and the initial value
of the coupling intensity.
[0093] In the technical solution of the present applica-
tion, when the computation control module receives an
electrical signal for the first time, it can calculate the
current pulse spin sign Bi (for example, B1, indicating
the first pulse spin sign) and the current Ising energy Ei
(for example, E1, indicating the first Ising energy) accord-
ing to the received electrical signal and the preset con-
straint matrix, and takes the current Ising energy Ei as the
optimal energy value E0, and takes the current pulse spin
sign Bi and the current Ising energy Ei as the current
optimal computation results; and according to the preset
initial values of the dissipation intensityβand the coupling
strength ε (for example, the initial value of the dissipation
intensity β is preset to β0, and the initial value of the
coupling strength ε is preset to ε0), sends corresponding
modulation instructions to the third modulator, and sends
corresponding injection instructions to the injector.
[0094] Step 311, the third modulator modulating the
intensity and/or phase of the pulse laser passing through
according to the modulation instruction, and outputting
the modulated pulse laser to the second coupler, input-
ting the pulse laser into the ring resonator through the
second coupler, and outputting the pulse laser to the
injector through the ring resonator.
[0095] In the technical solution of the present applica-
tion, since the computation control module sends the
modulation instruction according to the corresponding
dissipation intensity β and coupling intensity ε, the mod-
ulation instruction can carry information related to the
dissipation intensity β and coupling intensity ε. The dis-
sipation intensity β can generally be related to the inten-
sity of the pulse laser, and the coupling intensity ε can
generally be related to the phase of the pulse laser;
therefore, the third modulator can modulate the intensity
and/or phase of the pulse laser according to the received
modulation instruction, and then outputs the modulated
pulse laser to the second coupler, inputs it into the ring
resonator through the second coupler, and outputs it to
the injector through the ring resonator.
[0096] Step 312, the injector performing mutual injec-
tion operation on the received first timing sequence pulse
group and second timing sequence pulse group accord-
ing to the injection instruction and outputing the first
timing sequence pulse group and the second timing
sequence pulse group; after completing the mutual in-
jection operation, the first timing sequence pulse group
and the second timing sequence pulse group being
transmitted to the third beam splitter in the ring resonator
through the first coupler and the second converter in turn.
[0097] In the technical solution of the present applica-

tion, since the computation control module sends the
injection instruction according to the corresponding dis-
sipation intensity β and coupling intensity ε, the injection
instruction can also carry information related to the dis-
sipation intensity β and coupling intensity ε. The dissipa-
tion intensity β can generally be related to the intensity of
the injected pulse laser, and the coupling intensity ε can
generally be related to the ratio of the injected pulse laser;
therefore, the injector can perform mutual injection op-
eration and output the received first timing sequence
pulse group and second timing sequence pulse group
according to the received injection instruction.
[0098] Step 313, the third beam splitter divideing each
received timing sequence pulse into two pulse lasers,
one of which continuing to be transmitted in the ring
resonator, and the other pulse laser being output to the
homodyne detector.
[0099] In the technical solution of the present applica-
tion, the third beam splitter can divide each received
pulse laser into two pulse lasers according to a preset
ratio, and output them to the homodyne detector and the
injector respectively.
[0100] Step 314, the homodyne detector performing
balanced homodyne detection according to the two pulse
lasers received from the two input ends, and sending an
electrical signal to the computation control module ac-
cording to the measurement result.
[0101] Step 315, the computation control module cal-
culating the current pulse spin sign and the current Ising
energy according to the received electrical signal and the
preset constraint matrix.
[0102] Step 316, determine whether the current Ising
energy Ei is less than the current optimal energy value; if
so, executing step 317; otherwise, executing step 318.
[0103] Step 317, the computation control module tak-
ing the current Ising energy as the optimal energy value,
and taking the current pulse spin sign and the current
Ising energy as the current optimal computation result;
updating the values of the dissipation intensity and the
coupling intensity according to the preset adjustment
value, and sending the corresponding modulation in-
struction to the third modulator and the corresponding
injection instruction to the injector according to the up-
dated values of the dissipation intensity and the coupling
intensity; returns to execute step 311.
[0104] In this step, since the current Ising energy Ei is
less than the current optimal energy value E0, it means
that the current Ising energy Ei is a better solution, so the
computation control module will take the current Ei as the
optimal energy value E0 to update the optimal energy
value E0, and take the current pulse spin sign and the
current Ising energy as the current optimal computation
result to update the optimal computation result; then,
update the values of the dissipation intensity β and the
coupling intensity ε, and send the corresponding mod-
ulation instruction to the third modulator and the corre-
sponding injection instruction to the injector according to
the updated values of the dissipation intensity β and the
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coupling intensity ε, return to step 311, and start the next
round of loop operation.
[0105] In addition, in the technical solution of the pre-
sent application, the values of the dissipation strength β
and the coupling strength ε can be updated according to
the preset adjustment value in a variety of ways.
[0106] For example, in a specific embodiment of the
present application, the updating the values of the dis-
sipation strength and the coupling strength according to
the preset adjustment value may comprise:
the current values of the dissipation strength and the
coupling strength are increased by the preset adjustment
value respectively, as the updated values of the dissipa-
tion strength and the coupling strength.
[0107] For example, when the preset adjustment value
is 0.1, βi+1=βi+0.1, εi+1=εi+0.1. Wherein, βi and εi are the
values of the current i-th dissipation intensity and cou-
pling intensity, respectively, and βi+1 and εi+1 are the
updated values of the i+1-th dissipation intensity β and
coupling intensity ε, respectively.
[0108] Step 318, the computation control module re-
setting the values of the dissipation intensity and coupling
intensity, and sending the corresponding modulation in-
struction to the third modulator and the corresponding
injection instruction to the injector according to the reset
values of dissipation intensity and coupling intensity;
returning to execute step 311.
[0109] In this step, since the current Ising energy Ei is
greater than or equal to the current optimal energy value
E0, it means that the current Ising energy Ei is not a better
solution. Therefore, the current optimal energy value E0
is not changed, nor is the current optimal computation
result. Instead, the values of the dissipation intensity β
and the coupling intensity ε are directly reset, and then
according to the reset values of the dissipation intensity β
and the coupling intensity ε, the corresponding modula-
tion instruction is sent to the third modulator, and the
corresponding injection instruction is sent to the injector,
and the next round of loop operation is started.
[0110] In addition, in the technical solution of the pre-
sent application, the values of the dissipation intensity β
and the coupling intensity ε can be reset in a variety of
ways.
[0111] For example, as an example, in a specific em-
bodiment of the present application, the resetting of the
values of the dissipation intensity and the coupling in-
tensity may comprise:

randomly selecting a value from a preset first value
range as the current value of the dissipation intensity
β; and
taking the initial value ε0 of the coupling intensity ε as
the current value of the coupling intensity ε.

[0112] Among them, in the technical solution of the
present application, the value domain of the above-men-
tioned first value range can be preset according to the
needs of the actual application scenario, so it will not be

repeated here.
[0113] Therefore, through the error correction method
of the above-mentioned optical coherence computation
apparatus, the current Ising energy Ei and the current
optimal energy value E0 can be judged, and subsequent
operations can be performed according to the judgment
result. The optimal solution (that is, the optimal energy
value E0) can be found by searching the ground state
energy; and even when the computation process falls
into the fixed point of the local optimal value, the local
optimal value can be destabilized by changing the para-
meter conditions (for example, updating or resetting the
values of the dissipation intensity β and the coupling
intensity ε), so that a better global optimal solution (that
is, the optimal computation result) can be obtained,
thereby effectively improving the computation perfor-
mance of the optical coherence computation apparatus
and improving the computation speed and accuracy of
the optical coherence computation apparatus during the
process of solving the computation problems to be pro-
cessed.
[0114] In addition, as an example, in a specific embodi-
ment of the present application, before returning to step
311, the error correction method of the optical coherence
computation apparatus may further comprise:

determining whether the running time of the optical
coherence computation apparatus is less than the
preset time threshold;
if yes, returning to step 311; otherwise, the computa-
tion control module outputting the current optimal
computation result (i.e., the pulse spin sign Bi and
Ising energy Ei corresponding to the current optimal
energy value E0) as the final computation result.

[0115] Therefore, after the optical coherence compu-
tation apparatus runs for a preset time, it can output the
final computation result by itself.
[0116] In addition, after outputting the above-men-
tioned final computation result, the whole process can
be ended and the above-mentioned optical coherence
computation apparatus can be turned off.
[0117] To sum up, in the technical solution of the pre-
sent application, a preset number of auxiliary error cor-
rection pulses without nonlinear gain are introduced into
a laser pulse network based on a degenerate optical
parametric oscillator and having a preset number of
mutually coupled laser pulses, i.e., the pulse laser (k1,
k2, ... kn) in the second timing sequence pulse group, so
that it can be coupled with the nonlinear gain pulse, i.e.,
the pulse laser (x1, x2, ... xn) in the first timing sequence
pulse group to form a pulse neuron, and the error correc-
tion of the computation process of the optical coherence
computation apparatus is realized through the dynamic
characteristics of the pulse neuron. By comparing the
magnitude of the current Ising energy Ei and the current
energy optimum value E0, and performing subsequent
operations according to the comparison result, the
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search for the optimal solution (i.e., the energy optimum
value E0) can be realized by searching the ground state
energy; and even when the computation process falls
into a fixed point of the local optimal value, the local
optimal value can be destabilized by changing the para-
meter conditions (for example, updating or resetting the
values of the dissipation intensity β and the coupling
intensity ε), so that a better global optimal solution (i.e.,
the optimal computation result) can be obtained, thereby
effectively solving the problem of amplitude heterogene-
ity in the coherent Ising machine in the prior art that
cannot be correctly mapped, improving the computation
performance of the optical coherence computation ap-
paratus, and significantly improving the computation
speed and computation accuracy of the optical coher-
ence computation apparatus in the process of solving the
computational problem to be processed (especially when
dealing with complex problems).
[0118] The above descriptions are only preferred em-
bodiments of the present disclosure, and are not in-
tended to limit the present disclosure. Any modifications,
equivalent replacements, improvements, etc. made with-
in the spirit and principles of the present disclosure shall
be included in the present disclosure within the scope of
protection.

Claims

1. An optical coherence computation apparatus, com-
prising: a laser, a first beam splitter, a second beam
splitter, a third beam splitter, a first modulator, a
second modulator, a third modulator, a first conver-
ter, a second converter, a first coupler, a second
coupler, an injector, a homodyne detector and a
computation control module; wherein,

an output end of the laser is connected to an
input end of the first beam splitter;
an output end of the first beam splitter is respec-
tively connected to input ends of the first mod-
ulator and the second modulator;
an output end of the first modulator is connected
to an input end of the first converter;
an output end of the first converter is connected
to an input end of the first coupler;
an output end of the first coupler is connected to
an input end of the second converter;
an output end of the second converter is con-
nected to an input end of the third beam splitter;
an output end of the third beam splitter is con-
nected to input ends of the homodyne detector
and the second coupler respectively;
an output end of the second modulator is con-
nected to an input end of the second beam
splitter;
an output end of the second beam splitter is
connected to input ends of the homodyne de-

tector and the third modulator respectively;
an output end of the homodyne detector is con-
nected to an input end of the computation control
module;
an output end of the computation control module
is connected to input ends of the third modulator
and the injector respectively;
an output end of the third modulator is con-
nected to an input end of the second coupler;
an output end of the second coupler is con-
nected to an input end of the injector;
an output end of the injector is connected to an
input end of the first coupler;
the first coupler, the second converter, the third
beam splitter, the second coupler and the injec-
tor are connected in sequence through optical
fibers to form a ring resonator.

2. The optical coherence computation apparatus ac-
cording to claim 1, wherein,

the laser is used to output a pulse laser with a
first wavelength;
the first beam splitter is used to divide the pulse
laser output by the laser into two pulse lasers,
which are output to the first modulator and the
second modulator respectively;
the first modulator is used to periodically output
a first timing sequence pulse group to the first
converter according to the received pulse laser;
wherein each first timing sequence pulse group
comprises n pulse lasers, and n is an integer
greater than 1;
the first converter is used to convert the received
pulse laser with a first wavelength into a pulse
laser with a second wavelength, and input the
pulse laser to the second converter in the ring
resonator through the first coupler;
the second converter is used to convert the
received pulse laser with a second wavelength
into a pulse laser with a first wavelength, and
transmit the pulse laser to the third beam splitter;
the third beam splitter is used to divide each
received pulse laser into two pulse lasers;
wherein one pulse laser is output to the second
coupler; and the other pulse laser is output to the
homodyne detector;
the second modulator is used to periodically
output a second timing sequence pulse group
to the second beam splitter according to the
received pulse laser; wherein each second tim-
ing sequence pulse group comprises n pulse
lasers; there is a preset first time interval be-
tween the time when the second modulator out-
puts the second timing sequence pulse group
and the time when the first modulator outputs the
first timing sequence pulse group;
the second beam splitter is used to divide each
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received pulse laser into two pulse lasers;
wherein one pulse laser is output to the third
modulator and the other pulse laser is output to
the homodyne detector;
the homodyne detector is used to perform ba-
lanced homodyne detection according to the
two received pulse lasers, and send an electrical
signal to the computation control module ac-
cording to the measurement result;
the computation control module is used to cal-
culate the current pulse spin sign and the current
Ising energy according to the received electrical
signal and the preset constraint matrix, and send
the corresponding modulation instruction to the
third modulator according to the preset dissipa-
tion intensity and coupling intensity, and send
the corresponding injection instruction to the
injector;
the third modulator is used to modulate the in-
tensity and/or phase of the pulse laser passing
through according to the modulation instruction,
and output the modulated pulse laser to the
second coupler, so as to be input into the ring
resonator through the second coupler;
the second coupler is used to output the re-
ceived pulse laser to the injector; and
the injector is used to perform mutual injection
operation on the received first timing sequence
pulse group and second timing sequence pulse
group according to the injection instruction, and
output the first timing sequence pulse group and
the second timing sequence pulse group after
completing the mutual injection operation to the
second converter through the first coupler;
wherein, there is a preset first time interval be-
tween the time when the injector outputs the
second timing sequence pulse group and the
time when the injector outputs the first timing
sequence pulse group.

3. The optical coherence computation apparatus ac-
cording to claim 2, further comprising: a timer;
wherein,

the timer is used to send a stop instruction to the
computation control module when a running
time of the optical coherence computation ap-
paratus is equal to or exceeds a preset time
threshold; and
the computation control module is used to output
the current optimal computation result as a final
computation result according to the stop instruc-
tion.

4. The optical coherence computation apparatus ac-
cording to claim 2, wherein, the injector comprises: a
delay module, an injection module and a beam
combining module;

the delay module is used to delay the received
pulse laser according to the preset delay strat-
egy, so that the first pulse in the first timing
sequence pulse group and the first pulse in
the second timing sequence pulse group are
simultaneously transmitted to the two input ends
of the injection module;
the injection module is used to perform mutual
injection operation on the corresponding pulse
lasers in the first timing sequence pulse group
and the second timing sequence pulse group
according to the injection instruction; and
the beam combining module is used to delay the
received pulse lasers according to the preset
delay strategy, and output the received pulse
lasers to the first coupler in sequence according
to the preset first time interval and sending order,
forming the first timing sequence pulse group
and the second timing sequence pulse group
after completing injection, and the two timing
sequence pulse groups are still separated by
the preset first time interval.

5. The optical coherence computation apparatus ac-
cording to claim 1, wherein, the third modulator
comprises: an intensity modulator and a phase mod-
ulator;

the intensity modulator is used to modulate the
intensity of the corresponding pulse laser ac-
cording to the modulation instruction; and
the phase modulator is used to modulate the
phase of the corresponding pulse laser accord-
ing to the modulation instruction.

6. The optical coherence computation apparatus ac-
cording to claim 1, wherein,
the first converter is a second harmonic generator.

7. The optical coherence computation apparatus ac-
cording to claim 1, wherein,
the first converter and the second converter are both
periodically poled lithium niobate crystals.

8. The optical coherence computation apparatus ac-
cording to claim 1, wherein,
the computation control module is a field program-
mable gate array.

9. An error correction method for an optical coherence
computation apparatus, comprising:

Step A, setting the optical coherence computa-
tion apparatus according to any one of claims
1‑8;
Step B, presetting a constraint matrix in the
computation control module of the optical co-
herence computation apparatus according to
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the computation problem to be processed;
Step C, starting the optical coherence computa-
tion apparatus so that the laser in the optical
coherence computation apparatus periodically
outputs pulse laser with the first wavelength to
the first beam splitter;
Step D, the first beam splitter dividing each
received pulse laser into two pulse lasers, which
are output to the first modulator and the second
modulator respectively;
Step E, the first modulator and the second mod-
ulator periodically outputting a first timing se-
quence pulse group and a second timing se-
quence pulse group each having n pulse lasers,
respectively, according to the received pulse
laser, with a preset first time interval between
the first timing sequence pulse group and the
second timing sequence pulse group;
wherein n is an integer greater than 1;
Step F, the first timing sequence pulse group
output by the first modulator being converted
into wavelength by the first converter, and then
being inputted into the ring resonator through
the first coupler, and then being converted into
wavelength by the second converter, and then
being transmitted to the third beam splitter;
Step G, the third beam splitter dividing each
received pulse laser into two pulse lasers, one
of which is output to the homodyne detector, and
the other pulse laser continuing to be output to
the second coupler through the ring resonator,
and continuing to be output to the injector
through the ring resonator;
Step H, the second timing sequence pulse group
output by the second modulator being trans-
mitted to the second beam splitter; the second
beam splitter dividing each received pulse laser
into two pulse lasers, which are transmitted to
the third modulator and the homodyne detector
respectively;
Step I, the homodyne detector performing ba-
lanced homodyne detection according to the
two received pulse lasers, and sending an elec-
trical signal to the computation control module
according to the measurement result;
Step J, the computation control module calcu-
lating the current pulse spin sign and the current
Ising energy according to the received electrical
signal and the preset constraint matrix, taking
the current Ising energy as the optimal energy
value, and taking the current pulse spin sign and
the current Ising energy as the current optimal
computation result; and
sending the corresponding modulation instruc-
tion to the third modulator and the corresponding
injection instruction to the injector according to
the preset dissipation intensity and the initial
value of the coupling intensity;

Step K, the third modulator modulating the in-
tensity and/or phase of the pulse laser passing
through according to the modulation instruction,
and outputting the modulated pulse laser to the
second coupler, inputting the pulse laser into the
ring resonator through the second coupler, and
outputting the pulse laser to the injector through
the ring resonator;
Step L, the injector performing mutual injection
operation on the received first timing sequence
pulse group and second timing sequence pulse
group according to the injection instruction and
outputting the first timing sequence pulse group
and the second timing sequence pulse group;
after completing the mutual injection operation,
the first timing sequence pulse group and the
second timing sequence pulse group being
transmitted to the third beam splitter in the ring
resonator through the first coupler and the sec-
ond converter in turn;
Step M, the third beam splitter dividing each
received timing sequence pulse into two pulse
lasers, one of which continuing to be transmitted
in the ring resonator, and the other pulse laser
being output to the homodyne detector;
Step N, the homodyne detector performing ba-
lanced homodyne detection according to the
two pulse lasers received from the two input
ends, and sending an electrical signal to the
computation control module according to the
measurement results;
Step O, the computation control module calcu-
lating the current pulse spin sign and the current
Ising energy according to the received electrical
signal and the preset constraint matrix;
Step P, determining whether the current Ising
energy Ei is less than the current optimal energy
value; if so, executing step Q; otherwise, execut-
ing step R;
Step Q, the computation control module taking
the current Ising energy as the optimal energy
value, and taking the current pulse spin sign and
the current Ising energy as the current optimal
computation result; updating the values of the
dissipation intensity and the coupling intensity
according to the preset adjustment value, and
sending the corresponding modulation instruc-
tion to the third modulator and the corresponding
injection instruction to the injector according to
the updated the values of dissipation intensity
and coupling intensity; returns to execute step K;
and
Step R, the computation control module reset-
ting the values of dissipation intensity and cou-
pling intensity, and sending the corresponding
modulation instruction to the third modulator and
the corresponding injection instruction to the
injector according to the reset values of dissipa-
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tion intensity and coupling intensity; returning to
execute step K.

10. The method according to claim 9, before returning to
execute step K, the method further comprising:

determining whether the running time of the
optical coherence computation apparatus is
less than a preset time threshold; and
if yes, returning to execute step K; otherwise, the
computation control module outputting the cur-
rent optimal computation result as the final com-
putation result.

11. The method according to claim 9, wherein the updat-
ing of the values of the dissipation strength and the
coupling strength according to the preset adjustment
value comprises:
adding the current values of the dissipation intensity
and the coupling intensity by the preset adjustment
value respectively as the updated values of the dis-
sipation intensity and the coupling intensity.

12. The method according to claim 9, wherein resetting
the values of dissipation intensity and coupling in-
tensity comprises:

randomly selecting a value from a preset first
value range as the current value of dissipation
intensity; and
taking the initial value of coupling intensity as the
current value of coupling intensity.
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